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Abstract- Pavement failure has contributed immensely to loss of lives, disruption to normal daily activities and increase amount of money 
being spent on maintenance annually. One of the causes is associated with inadequate investigations on subgrade materials. This study 
aimed at examining the geotechnical parameters as factors of pavement failure along Lagos–Ibadan Expressway. Samples were collected 
at the failed and stable portions on some selected road segments and subjected to laboratory tests including Natural Moisture Content 
(NMC), Linear Shrinkage(LS), particle size distribution and California Bearing Ratio(CBR). The NMC along the failed sections was on the 
high side (ranged from 13.11% to 26.89%) compared with the stable sections (ranged from 11.11% to 16.40%). Most of the tested soils 
have percentage passing 0.075mm sieve more than 35% maximum required by the Federal Ministry of Works and Housing for subgrade 
materials. The maximum dry density(MDD) for the samples at failed and stable sections ranged from 1550 kg/m
3
 to 1860 kg/m
3
; 1650 kg/m
3
 
to 1980 kg/m
3
 respectively while the Optimum Moisture Content(OMC) ranged from 8.30% to 20.30%. The soaked CBR values ranged from 
2% to 17% while the unsoaked values ranged from 4% to 25%. The increase in NMC along the failed portions could be as a result of high 
water table along these sections. Some of the materials at failed locations had values of LS > 8% which suggests high susceptibility to 
shrinkage and swelling which results in differential settlement and contributed to pavement failure along these sections of the road.  
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1 INTRODUCTION 
avement failures could be defined as lack of 
continuity in a road network which results in 
cracks, potholes, bulges and depression 
(Aigbedion, 2007; Fuchtbauer, 2005). A good road 
network is a continuous stretch of asphalt lay for a 
smooth ride. The spot in the smooth ride on the 
pavement is generally referred to as failure on the 
pavement. The problem of road failure in the country 
particularly in the south – western part has put it in a 
very dangerous condition. Road is one of the 
infrastructural facilities that is in total collapse (Kekere et 
al., 2012). Most of these roads fail shortly after 
construction and are characterized by cracks, ruts, 
depressions and potholes and many of them have 
become sources of economic drain (Abiola et al., 2010; 
Owolabi and Abiola, 2011) and affected many daily 
activities and other interactions. Commercial activities 
are suffering and in disorder due to insufficient supply 
of goods and services which increase price of common 
consumer items (Dawodu, 2006). 
There are several factors that lead to highway pavement 
failure in Nigeria. Mainly, they are inadequate 
investigations on subgrade and other pavement 
materials (subbase and base courses) prior to the 
commencement of road projects (Abam et al., 2005), 
quality of design which include poor drainage network 
and supervision during the road construction, and poor 
workmanship (Ndefo, 2012, Ogundipe, 2008, Patil et al., 
2011). Little and Jones (2003) further investigated 
moisture damage in asphalt pavements resulted from 
poor drainage and found that there was loss of cohesion 
between the aggregate and asphalt which eventually 
leads to pavement failure.  
* Corresponding Author 
According to Momoh et al., (2008) and Adiat et al., (2009) 
in their study of failed highway pavements using 
geophysical methods, it was established that some 
geological factors such as such as the near surface 
geologic sequence, existence of geological structures like 
fractures and faults, existence of ancient stream 
channels, and shear zones contribute to road failure. The 
inability to have put this in place has led to loss of 
integrity of many highway pavements across the country 
(Olorunfemi and Mesida, 1987; Okogbue and Aghamelu, 
2011; Momoh et al., 2008; Oladapo et al., 2008) and 
caused some financial burden to the government 
(Michael et al., 2008). In 1985 for example, the sum of 
₦185 million was used to rehabilitate Federal roads 1,600 
km throughout the Country (Onita, 1985). Also, a sum of 
₦82 million was invested to maintain 680 km roads 
which were overlaid with asphaltic concrete in order to 
increase their strength. Furthermore, according to 
Okeke, (2003), in 2006, a total of ₦2 billion was spent on 
the rehabilitation maintenance of 2500 km roads along 
AkwaIbom/Calabar road in Nigeria. 
The problem is more pronounced on Lagos-Ibadan 
Expressway, one of the busiest major highways located 
in south-western part of the country. It connects Lagos 
(the formal country capital) to other roads leading to the 
Northern states and some of the West African countries. 
On this route, many travellers undertake their trips with 
many trauma and agony for very long periods and 
unpredictable travel times. Besides, many bread winners 
in the families have lost their lives in road crashes and 
loss of properties worth billions of naira yearly. 
The objective of this study is to examining the 
geotechnical parameters as factors of pavement failure 
along Lagos–Ibadan Expressway so as to avert loss of 
valuable lives, properties, reduction in annual 
W 
FUOYE Journal of Engineering and Technology, Volume 3, Issue 2, September 2018                      ISSN: 2579-0625 (Online), 2579-0617 (Paper) 
 
              
FUOYEJET © 2018     114 
engineering.fuoye.edu.ng/journal 
maintenance that always accompany such problem and 
also to improve on travel times. 
 
1.1 STUDY AREA  
The road in this study was constructed in 1978 with total 
length of 134 km. It lies between longitudes 
07.46813°N.and 07.4596°N and latitudes 003.91287°E and 
003.76509°E (Figure 1). The road is located within the 
sub-equatorial climatic belt with tropical rain-forest 
vegetation. Mostly, rainfall is concentrated between 
April and October and annual rainfall varies between 
1000 – 1400 mm (40 years record) while the mean annual 
temperature is 240C-270C (Adeleke and Goh, 1978) with 
relative humidity ranged from 60 to 80%. 
The existing road is paved double carriageway, 
comprising 7.3 m paved portion and 0.8 - 1.20 m hard 
(simple superficial treatment) shoulders on both sides of 
the way with an average median width which varies 
from of 2.7 m to 11.0 m (Odunfa, 2014). The pavement 
structure which consists of 150 mm stone base course 
and 50 mm asphaltic concrete wearing course at 
inception was strengthened with additional overlays of 
asphaltic concrete overtime thereby raising the 
carriageway up to 125 mm above the shoulder (Owolabi 
and Abiola, 2011). 
 
 
 
Fig. 1: Route Location Map (Ojoo – Toll- gate Ibadan on Lagos – 
Ibadan Expressway)   (Source: Google map) 
 
2 MATERIALS AND METHODS 
The sub-grade investigation was done by digging trial 
pits of 1.0 m x 1.0 m and soil samples were collected at 
some selected critical and stable locations along 
shoulders and median of the highway. The depth at 
which samples were collected ranged from 0.8 m to 1.7 
m based on the terrain of each location (Table 1).  
Samples were preserved in polythene bags, transported 
to the laboratory and were subjected to tests according to 
procedures using the American Society for Testing and 
Materials and the British Standard (ASTM 1979, BS 1377: 
1990). The natural moisture content of the samples 
collected from the field was determined in the laboratory 
within a period of 48 hours after collection.  
 
 
 
 
 
Table 1. Sample Locations 
S/N Location 
Sid
e 
N E 
D* 
(m) 
1 Ch 0+040(F) A* 07.46817° 003.91311° 0.80 
2 Ch 0+120(S) A* 07.46637° 003.91438° 1.20 
3 Ch 1+300(F) B* 07.46503° 003.91585° 1.70 
4 Ch 1+420(S) B* 07.46398° 003.91679° 1.70 
5 Ch 2+320(F) B* 07.45393° 003.92069° 1.70 
6 Ch 2+500(S) B* 07.44941° 003.92100° 1.50 
7 Ch 7+420(F) B* 07.41660° 003.94208° 1.20 
8 Ch 7+460(S) B* 07.41004° 003.94337° 1.70 
9 Ch 9+900(F) B* 07.39750° 003.93935° 1.57 
10 Ch 10+040(S) B* 07.39266° 003.93795° 1.70 
11 Ch 10+060(F) A* 07.39671° 003.93846° 1.40 
12 Ch 10+120(S) A* 07.39314° 003.93763° 1.60 
13 Ch 15+610(F) A* 07.35025° 003.91905° 1.62 
14 Ch 15+810(S) A* 07.35262° 003.91950° 1.00 
15 Ch 24+360(F) B* 07.31861° 003.87270° 1.50 
16 Ch 24+400(S) B* 07.31958° 003.87295° 1.50 
NB: A*, B* and D* in the Tables are representing IB – LG; LG – IB 
and Depth respectively.  
 
Tests carried out were Atterberg limit, particle size 
distribution, plasticity index (PI), linear shrinkage (LS), 
specific gravity and California bearing ratio (CBR) tests 
and soil classification were carried out in accordance 
with BS 1377: 1990. 
 
3 RESULTS AND DISCUSSION 
Results of the laboratory tests carried out on the samples 
were summarized and presented in Tables 2 to 4. It was 
observed that the values of natural moisture content 
(NMC) for the failed portions in all the locations were 
greater than the values obtained at the stable segments. 
The NMC values for the failed segment ranged from 
13.11% to 26.89% and 11.11% to 16.40% respectively 
(Table 2). The high values especially at the failed 
segments suggested that materials have appreciable 
percentage moisture which could be as a result of high 
water table in the areas and when this migrated to the 
pavement, it caused the lubrication of particles which 
made the pore pressure in the absorbed film to push the 
soil particles apart thus, led to reduction of the particle 
interlock and eventually reduced the strength of the 
pavement.  
The Liquid Limit (LL) values for the failed and stable 
segments ranged from 33% to 55% and 24% to 50% 
respectively while the PI ranged from 13 to 26% and 10 
to 24% (Table 3) respectively. Generally, according to 
Federal Ministry of Works and Housing (FMWH) (1994), 
soils with high values of LL (LL ≥ 50%) and plastic limits 
(PL) are considered poor foundation materials.  
For the failed segments, only materials at Ch 7 + 420 and 
Ch 9 + 900 (LG – IB) with LL 55% and 52% respectively 
did not meet FMWH(1994) (LL≤ 50% for subgrade 
materials), and materials at Ch 10 + 040 and Ch 15 + 610 
were on the border line with LL of 50% while materials 
at other locations did meet this criterion. Besides, all 
samples at stable segments satisfied the condition 
(FMWH, 1994) except at Ch 10 + 040(LG – IB) with LL 
value of 50%. The low values of PI recorded at Ch 2 + 320 
and Ch 2 + 500 both at failed and stable segments (13% 
and 10% respectively) indicated that the fine particle 
sizes were replaced by larger ones. However, the PI of 
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the soil samples in all the locations was lower than the 
FMWH Specification (1994) (PI ≤30%). Hence, they show 
good engineering property because the lower the PI of 
the soil, the more competent the soil as foundation 
material (Akintorinwa and Adeusi, 2009).  
 
According to Laskar and Pal (2012), the plasticity of a 
soil depends on grain size of soil. An increase in 
percentage of the clay-sized fraction which has led to 
increase both of inter molecular attraction force and 
liquid limit thereby increases the plasticity index of a soil 
but an increase of sand content would decrease the 
plasticity index of soil. The values of Linear Shrinkage 
(LS) for the failed segments ranged from 5.7% to 15.3% 
while those of stable segments ranged from 4.3% to 9.2% 
(Table 3).  
 
Table 2. Engineering properties of soil samples 
 
NMC 
(%) 
O.M.C 
(%) 
MDD 
(X103 
kg/m3) 
Specific 
Gravity 
Location     
Ch 0+040(F) 16.03 13.5 1.86 2.552 
Ch 0+120(S) 11.11 11.4 1.96 2.546 
Ch 1+420(S) 8.82 10.1 1.95 2.600 
Ch 1+300(F) 12.56 8.9 1.94 2.582 
Ch 2+320(F) 17.21 8.3 1.87 2.600 
Ch 2+500(S) 16.30 10.5 1.98 2.622 
Ch 7+420(F) 26.89 20.3 1.55 2.483 
Ch 7+460(S) 15.63 17.3 1.80 2.505 
Ch10+040 
B*(S) 
14.95 16.1 1.65 2.554 
Ch 9+900 
B*(F) 
10.27 19.3 1.65 2.488 
Ch 10+120 
A*(S) 
13.11 16.8 1.68 2.514 
Ch10+060 
A*(F) 
10.19 18.7 1.71 2.532 
Ch15+810(S) 17.15 16.3 1.86 2.581 
Ch15+610(F) 16.40 18.9 1.66 2.504 
Ch 24+400(S) 13.83 12.8 1.90 2.551 
Ch 24+360(F) 12.50 14.3 1.82 2.454 
 
The values of linear shrinkage for failed locations were 
very high in some locations [Ch 7 + 420, Ch 9 +900{LG-
IB} and Ch15+610 (IB - LG)] and more compared to 
stable segments (except at Ch 2+320 and Ch10 +060{IB-
LG} with 4.3% and 5.0% respectively. Materials collected 
at failed locations (except at Ch 1 + 300, Ch 2 + 320, Ch10 
+060{IB-LG} and Ch 24+360) (Table 3) had high LS values 
which suggest susceptibility to shrinkage and swelling 
(LS > 8%, Brink et al., 1992) and could cause differential 
settlement when subjected to alternate dry and wet 
seasons of the humid tropical climatic conditions, due to 
an appreciable amount of clay content in the samples.  
Generally, from the grading curves, the grain size 
ranged from 0.0086 to 0.96 mm (from medium silt to 
coarse sand) at the failed and stable sections except at Ch 
2 + 320 and Ch 24 + 360 (failed sections) and Ch 24 + 400 
(stable section) that ranged from medium silt to medium 
sand fractions (Figures 2 and 3). 
Based on recommendation of FMWH (1994) for 
subgrade materials (Percentage passing 0.075 mm ≤ 
35%), soil samples at failed locations were described as 
poorly graded except at Ch 0+040 and Ch 1+300, and  Ch 
2+320 which could be rated as fairly and well graded 
respectively. Also, at the stable locations, soil samples 
were classified as fairly graded except at Ch7+460 and 
Ch24+400, and Ch2+500 which were poorly and well 
graded respectively. Also, at the stable locations, soil 
samples were classified as fairly graded except at Ch 7 + 
460 and Ch 24 +400, and Ch 2 +500 which were poorly 
and well graded respectively. 
 
Table 3. CBR and Plasticity of soil samples 
 
CBR 
UnSo
aked 
CBR 
Soake
d 
(24hrs) 
LL 
(%
) 
PI 
(%) 
LS 
(%) 
Location      
Ch 0+040(F) 20 12 43 22 8 
Ch 0+120(S) 22 16 43 17 7.5 
Ch 1+420(S) 14 12 33 18 2.8 
Ch 1+300(F) 25 7 36 18 3.9 
Ch 2+320(F) 22 11 33 13 4.3 
Ch 2+500(S) 25 16 24 10 5.7 
Ch 7+420(F) 4 2 55 25 15.3 
Ch 7+460(S) 5 3 48 24 4.3 
Ch10+040 
B*(S) 
19 13 50 22 6.1 
Ch 9+900 
B*(F) 
16 12 52 26 12.8 
Ch 10+120 
A*(S) 
24 17 46 20 7.8 
Ch10+060 
A* (F) 
20 17 49 21 5.0 
Ch15+810(S) 12 8 46 24 9.2 
Ch15+610(F) 9 7 50 20 10.6 
Ch24+400(S) 10 7 39 13 3.9 
Ch24+360(F) 9 5 6 14 5.0 
 
 However, results of the tested soil samples showed that 
samples at failed sections contained more fines than 
those at the stable locations (Table 4). According to 
Akintorinwa and Adeusi (2009), soils that are largely 
made up of fine particles are likely to have poor 
geotechnical properties as foundation materials than 
those that are largely made up of coarse particles. This 
could explain the reason for failure along the said failed 
locations. The maximum dry density (MDD) and the 
Optimum Moisture Content (OMC) of the samples at the 
failed locations ranged from 1550 kg/m3 to 1940 kg/m3, 
and 8.30% to 20.30% respectively while at the stable 
locations, the value ranged from 1650 kg/m3 to 1980 
kg/m3, and 10.1% to 18.70% for MDD and OMC 
respectively (Table 2).  
The low values observed in MDD at some locations are 
most probably due to the fact that the larger grain sizes 
are being replaced with the smaller grain sizes. The 
corresponding decrease in bulk density must have 
accounted for decrease in MDD. In the same way, the 
OMC increased with decrease in maximum grain sizes 
because gradual replacement of the soil particles with 
smaller ones resulted in an increase in effective surface 
area of the soil, thus more water would be required to 
compact it. OMC increased with decrease in maximum 
grain sizes because gradual replacement of the soil 
particles with smaller ones resulted in an increase in 
effective surface area of the soil, thus more water would 
be required to compact it.  
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According to Emesiobi, (2000), the MDD of the samples 
at the failed locations could be regarded to be ranged 
from very poor to fair while that of stable locations 
ranged from poor to good as a sub- grade foundation 
material. Also, increase in clay content of fine grained 
residual lateritic soils would increase the physical 
surface area of the materials and lead to an increase in 
moisture content. The pore pressure in the absorbed film 
tends to push the soil particles apart would cause a 
decrease in density. This could also be another factor 
contributing to failure along the highway. 
The unsoaked California bearing ratio (CBR) values for 
the samples ranged from 4% to 25% and 5% to 25% at 
both failed and stable locations, respectively while 
soaked CBR values ranged from 2 to 17% (failed 
locations) and 3 to 17% (stable locations). FMWH (1994) 
recommended that CBR (unsoaked) and (soaked) for 
subgrade soils should be ≥ 15% and ≥ 5% respectively. 
Thus materials at Ch 7 + 420, Ch 7+460, Ch15+610, Ch 
15+810, Ch 24+360 and Ch 24 + 460 did not satisfy the 
two conditions (Table 3). Traces of silt in the soil sample 
could be responsible for the low values recorded and 
hence, one of the contributory factors for the failure at 
the location.  
Table 4. Particle size distribution of soil samples 
 SIEVING  PERCENTAGE  PASSING 
Location ⅜ 
 
  
 7 14 25 36 52 100 200 
Ch0+040 (F) 97 89 85 78 68 62 58 51 46 
Ch0+120(S) 95 84 66 56 51 49 47 45 43 
Ch1+420(S) 100 99 98 94 81 68 56 46 38 
Ch1+300(F) 100 99 95 89 75 66 56 52 41 
Ch2+320(F) 100 100 99 80 65 52 49 38 30 
Ch2+500(S) 99 89 80 72 62 54 48 37 29 
Ch7+420(F) 99 94 89 86 84 83 81 79 76 
Ch7+460(S) 100 93 83 79 76 75 73 70 66 
Ch10+ 
040B*S 
97 79 64 58 55 54 53 51 49 
Ch9 +900 
B*(F) 
98 92 89 86 84 81 77 70 65 
Ch 10+120 
A*(S) 
90 79 70 59 54 53 50 50 46 
Ch10+ 
060 
A*(F) 
97 93 86 82 80 77 76 72 57 
Ch15+ 
810(S) 
98 91 75 61 54 51 48 45 41 
Ch15+ 
610(F) 
99 95 93 87 79 75 73 70 67 
Ch24+ 
400(S) 
 100 98 95 89 86 82 74 66 
Ch24+ 
360(F) 
 100 99 96 87 80 75 68 61 
According to De Graft-Johnson (1969), soils with specific 
gravity between 2.60 and 3.40 are classified as laterite 
soils. Also, Adeyemi et al., 2014, established the use of 
specific gravity as an important parameter in evaluation 
of soils as subgrade materials, most especially in 
determining the degree of laterisation to evaluate index 
of laterite aggregates for pavements construction, 
because it correlates well with mechanical strength of 
soil. However, the specific gravity of the tested samples 
values of specific gravity averagely were below the 
minimum value (2.600) for the specific gravity of laterite 
soil except at locations Ch1+420(S), Ch2+320(F) and 
Ch2+500(S) with 2.600, 2.600 and 2.622 respectively. 
Hence, the degree of laterisation in these locations was 
low because the higher the specific gravity, the higher 
the degree of laterisation (Badmus, 2010). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Particle Size Distribution (Failed sections) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Particle Size Distribution (Stable sections) 
 
 
4 CONCLUSION AND RECOMMENDATIONS  
Several factors are responsible for the failure on Nigerian 
road. Mainly, as revealed in this study, inadequate 
investigations on subgrade and other pavement 
materials (subbase and base courses) prior the 
commencement of road projects is one of the major 
responsible factors. The investigation carried out along 
the road sections of the highway revealed that some of 
the engineering properties of the samples collected most 
especially at the failed sections differ from the standard 
specification requirements by FMWH (1994) which 
invariably shows that the geotechnical status of the soils 
along these sections is problematic and could have 
contributed to the road failure along these sections. 
The high values in PI of the soil samples at failed 
sections compared to the values obtained at stable 
locations could be as a result of an increase in percentage 
of the clay-sized fraction along failed sections which has 
led to increase both of inter molecular attraction force 
and liquid limit.  
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High water table was observed in some locations like Ch 
0+040, Ch1+300, Ch1+420, Ch7+420, Ch7+460, Ch15+610 
and Ch15+810 contributed to failure in some locations.  
Based on findings obtained from this study the following 
recommendations are made in order to minimize the 
problem of road failure in Nigeria. 
Thorough investigation on subgrade and other 
pavement materials prior to design and construction 
must be strictly done along with relevant standard 
specifications because it directly affects the life span of 
road pavement. Besides, relevant data for the 
construction of pavement should be sourced and 
utilized. Also, since the geotechnical properties of soils 
along the roadway would vary from point to point, 
special attention must be given and each section must be 
treated accordingly. Proper design and supervision 
must be done without any compromise. 
Consideration must be given to material quality and 
the water level of the areas. 
 
5 CONTRIBUTIONS TO KNOWLEDGE 
The findings have provided a basis and a useful guide 
for future design works and testing procedures in 
highway. Also, it has proved that geotechnical 
parameters and underlying geology of an area must be 
studied before any construction project commences.   
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